Asset allocation in portfolio construction must simultaneously consider market conditions and investors' specific preferences. Therefore, it is a multi-criteria decision that goes beyond the scope of the two-criteria, mean and variance of the portfolio returns, optimization method that traditionally prevails in the financial literature. This article suggests a procedure that makes integrated asset management possible, based on the Analytic Hierarchy Process combined with a mean variance and goal programming model. We illustrate this procedure with data from Canadian mutual funds over a total period of five years and three months, from September 2002 to November 2007. The results obtained are encouraging, as the portfolios constructed in this manner perform better than the S&P/TSX 60 index, which is the reference portfolio for the Canadian market.
Introduction
We apply the Analytic Hierarchy Process (AHP), combined with a mean variance optimization and goal programming model to allocate assets within a portfolio, considering both market conditions and investors' preferences.
Asset allocation is one of the most deciding tasks that influence portfolio performance. Brinson, Hood and Beebower [1] and Brinson, Singer and Beebower [2] show that investment policy accounts for an average of 93.6% of overall return variations, whereas selectivity and market timing only contribute slightly. Ibboston and Kaplan [3] confirms these results. They observe that asset allocation explains 90% of the variability of mutual funds overtime, 40% of variations between funds, and an average of 100% of a fund's returns.
To aid managers in this exercise of decisive importance for portfolio performance, Sharpe [4] suggests an integrated approach to asset allocation that considers both market conditions, and the investor's goals and wealth. Figure 1 below illustrates the major steps of this asset allocation process.
Quadrant C 1 represents the current capital market conditions. Certain techniques must be used (quadrant C 2 ) to translate these market conditions into asset return predictions (quadrant C 3 ). The investor's wealth (quadrant I 1 ) usually determines his degree of risk tolerance (quadrant I 3 ) through a risk tolerance function (quadrant I 2 ).
Based on the degree of risk tolerance (quadrant I 3 ) and asset return predictions (quadrant C 3 ), an Optimizer (quadrant M 1 ) can be used to determine the most suitable asset mix (quadrant M 2 ) for the investor. Quadrant M 3 repre-sents the investor's realized returns.
The returns for a given period will influence the value of the investor's assets and liabilities at the beginning of the next period. Furthermore, the returns for a period will frame part of the market conditions at the beginning of the next period. Certain elements in quadrants C 1 , C 3 , I 1 , I 3 , M 2 , and M 3 can change from one period to the next, whereas quadrants C 2 , I 2 and M 1 generally remain fixed.
Even though the overall integrated asset allocation approach can be considered relevant, there is no standard procedure for its implementation. For example, how can we account for the market conditions? Which model could we use to predict returns? How can we build a portfolio based on returns and the investor's risk tolerance? All of these decisions remain specific to each manager or investor. In this regard, a survey conducted by Worzala and Bajtelsmit [5] shows vast variation in the decision-making process for big American pension funds managers.
In this article, we suggest a procedure based on the AHP put forward by Saaty [6] and goal programming model that can incorporate all factors deemed relevant to the asset allocation exercise. To make an analogy with the integrated asset allocation approach; 1) the AHP method makes it possible to consider both market conditions and investor preferences; 2) goal programming serves as an optimizer when building a portfolio that fits the investor's goals.
The AHP is particularly appropriate when the decision to be made involves comparing elements that are subjective or difficult to quantify. In this case, it makes it possible to include all the factors that are judged relevant in the asset allocation process and that require choosing between: 1) different geographical area for international diversification purposes; 2) different asset classes (stocks, bonds, etc.); 3) different markets; 4) different securities. In addition, this method allows to develop a model that is easy to use and a fairly accurate representation of reality.
Therefore, first we apply the AHP method to determine the percentage of the portfolio to invest in each asset class based on economic scenarios and the investor's risk profile. The AHP model's outputs correspond to the proportions to invest in each asset class under consideration: stocks, bonds and liquid assets, based on analysts' economic forecasts.
Second, we use a two-steps optimization procedure: 1) mean variance optimization to determine maximum return for the various levels of return variance; 2) The ratios obtained by running the AHP model are taken as goals for the goal optimization exercise, with constraints including the optimal returns and variances obtained during the first step.
We shall illustrate this two steps optimization procedure with data on returns and asset allocation for 77 mutual funds over a total period of five years and three mon- The portfolios obtained show higher performance than the return for the SP/TSX60 index, the reference portfolio for the Canadian market.
We would like to point out that our suggested overall approach is likely to be useful to fund managers given its flexibility and ease of use. Furthermore, performance issues aside, it makes it possible to build a portfolio that suits the investor's goals. In this respect, it can deflect lawsuits from swindled investors, like those faced by some American and Canadian brokers who advised their clients to build portfolios that did not match their investment goals.
The rest of this article is organized as follows: in Section II, we present the AHP methodology and the process for building portfolios. We discuss the goal optimization model in Section III. We will also illustrate the optimization process in that section, followed by a conclusion in Section IV. Source: adapted from [6] .
the proper allocation of assets, into two elements to which we grant equal importance: the investor's risk profile (C 1 ) and the state of the economy (C 2 ).
 Logical consistency: since the various elements are paired using subjective means, such as judgment or opinion, the comparisons are not necessarily consistent.
To remedy this, the AHP method uses a Consistency Index that enables to test the consistency of judgements systematically. For example: if A is considered five times preferable to B, and B is twice as preferable as C, than A must be considered 10 times preferable to C, otherwise the judgments are inconsistent.
Each of these two elements is subsequently broken down further into a set of five criteria: five risk profiles and five economic scenarios. Each investor must correspond to a risk profile, from C 1.1 to C 1.5 that can be determined, as in most financial institutions, using a questionnaire filled out by investors. To simplify, we assume that our investor's risk profile remains the same (moderate) during the entire period of this study. The economic scenarios are based on economic predictions performed by Canadian banks and the Organization for Economic Cooperation and Development (OECD Thereafter). They reflect investors' and financial service professionals' expectations for each of the eight quarters considered in this study. These first three tiers of the hierarchy make it possible to determine the relative weight of each of the factors and criteria used. These weights vary overtime, except for the risk profile, which is assumed constant.
Applying the Model
Applying the AHP approach involves first setting up the hierarchy of our decision-making process as shown in Figure 2 below. This hierarchy contains the factors that we find most relevant in the asset allocation process.
We begin by breaking down our main goal, namely, At the fourth and last level of the hierarchy, we find the various asset classes that make up the portfolio.
Once the hierarchy is established, we proceed with pairwise comparisons between elements at the various tiers of the hierarchy. The portfolio's final composition will depend on the weight assigned to each element. These weights will constitute the inputs for our model, and can vary from one decision-maker to another depending on the importance granted to each of the factors considered.
Here are the comparison matrices that we explained in the next sections:  Tier II: Risk profile and economic scenarios, a 2 × 2 matrix.  Tier III: Criteria, a 5 × 5 matrix for economic scenarios. No analysis or matrix is needed for the investor profile, because we arbitrarily assume that it corresponds 100% to a moderate profile (C 1.3 ).  Tier IV: Asset classes, six 3 × 3 matrices. 
Comparison of Tier II Elements
The two deciding factors in asset allocation are the investor's risk profile and expected economic scenarios. Table 2 shows the pairwise comparisons for these two elements respectively, and the method for calculating priorities or weights indicating the importance of particular criteria or alternative.
The number 1 implies that the investor's risk profile is as important as economic scenarios when making asset allocation decisions.
The priority vector column in Table 2 shows the final ranking of factors based on their degree of importance. The 0.5 values assigned to C 1 and C 2 mean that these two elements are equally important.
This exercise must be performed from the top-down for factors at each tier of the hierarchy.
Comparison of Tier III Elements
We have classified economic scenarios according to their potential occurrence, drawing on the predictions of several Canadian banks and on the economic predictions of the OECD. Table 3 shows the pairwise comparisons of economic scenarios as at September 1, 2005. In the first column, the number 9 implies that a growth scenario is definitely more probable than a recession scenario. The number 7 implies that a peak scenario is very strongly more probable than a recession scenario. The resulted vector priorities may be interpreted as the predicted probability of the economy to be in a particular phase. For example, based on Table 3 , one can say that there is 54.5% likelihood that the Canadian economy will be in the expansion phase in the quarter following September 2005 compare to 30.2% and 5.1%, 5.1% and 5.1% respectively for the peak, trough, recession, and recovery phases.
The comparison of economic scenarios is repeated for each of the following eight quarters. We summarize in Table 4 Table 3 , are available from the authors. One should note that the vector priorities in Table 4 must be adjusted for the importance of the factor of market conditions in our hierarchy. That is the result must be multiplied by 0.5 which is the weight assigned to the factor of market condition compare to the factor representing the investor risk profile.
Comparison of Level IV Elements
Here it is a matter of determining: 1) the behaviour of each asset class for each economic situation, as well as, 2) the asset classes in which it would be preferable to invest given the investor's risk profile. In order to do this, we must ask the following question: "which asset class is it preferable to invest in given the two factors, economic situation and investor's risk profile, in the third tier of the hierarchy?"
The answer to the first part of this question is provided in part in Table 5 , built based on the findings of the studies Siegel [7] and Brocato and Steed [8] , which suggest that each economic scenario favors investment in a specific asset class. 
5: Over-weighting. i.e., increase the weight of these securities in the portfolio. 3: Neutral weighting. i.e., hold the weight of these securities in the portfolio. 1: Down-weighting. i.e., decrease the weight of these securities in the portfolio. Table 5 shows that during a recession, investment in short-term securities and bonds is highly preferred to investment in equities, which in turn are highly advisable in recovery, expansion and peak stages. Based on these results, Table 6 presents the pairwise comparisons of asset classes for the different economic scenarios.
For example, the number 9 (Panel A, first column) implies that, during a recession phase, investing in bonds is definitely preferable to investing in stocks. After performing the pairwise comparisons, we get the proportions to be invested in each asset class for each period by normalizing, as before, the geometric means of the score assigned to each alternative. We perform the same exercise for each of the four other economic scenarios: trough, recovery, expansion and peak, and the results are shown, respectively, in Panels B, C, D and E of Table 6 . The results for all the five economic scenarios are summarised in the Panel F of the same Table. As for the second part of the question, we consider only investor with a moderate risk profile. Table 7 shows the resulting pairwise comparisons of asset classes where the number 2 implies that, for a person with a moderate risk profile, investing in bonds is slightly preferable to investing in stocks. Overall it is shown that a moderate risk profile investor will put 59,7% weight on bonds compare to 34.6% and 5.7% respectively on stocks and liquid assets or short term securities.
Finally, we have to weight the results of the asset classes allocation linked to economic scenarios (Table 6) and that related to investor risk profile (Table 7) against the priority assigned to the investor risk profile (Table 2 ) and the probability of occurrence of each economic scenario ( Table 3) . We then obtain the overall composite weight or investment ratios for each asset class for investor with a moderate risk profile and the predicted phase in the economic cycle. The result for September 2005 appears in Table 8 . Table 9 synthesizes the investment ratios for each asset class for each of the nine periods of our study. These ratios change from one period to another due to change in the predicted economic scenarios. Indeed, as we have assumed that our particular investor will remain with a moderate risk profile, only the predicted economic scenario will affect the overall composite weight for each of the remaining periods in our study ( Table 4) .
These ratios are included as goals in the optimization model presented below to determine the optimal portfolio with a maximum return and a minimum risk.
Optimization Model
The weights obtained using the AHP are integrated into a two-steps optimization model. The initial purpose here is to determine the combination of funds that will produce maximum returns for a given level of risk. Subject to:
where r i represents the return of security i; x i = percentage of security i in the portfolio; n = total number of securities; s ij = covariance of returns of security i in relation to security j. s = standard deviation of portfolio returns. This classic Markowitz [9] model makes it possible to determine the optimal portfolio with maximum returns (r * ) for a given standard deviation (s * ). We shall recall that the optimal solution to this optimization problem is usually not unique. Therefore, the composition of this portfolio built according to optimal proportions, x i * , cannot respect our investor's ideal goal about the proportion of stocks, bonds and liquid assets as determined using the AHP. To achieve this, we must proceed, as a second step, with goal optimization. The purpose here is to minimize deviations below the goal, k , and above the goal, k d
in relation to the ideal ratios of Stocks (S), Bonds (B) or Liquid Assets (L). Here is the formulation of the model:
subject to: 
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Additional Data and Results
For illustration purposes, we have used monthly data on returns and asset distribution (stocks, bonds, liquid assets) for 77 mutual funds. This data comes from the Morning- Table 10 below summarizes the results obtained for three typical portfolios with monthly (annual) standard deviations preset at 1% (3.46%), 2% (6.93%) and 3% (10.39%).
The portfolios obtained show better performance (returns by unit of risk) than the SP/TSX 60 index, the reference portfolio for the Canadian market.
In summary, we should mention that these illustrative tests show the flexibility and potential of the AHP approach combined with goal optimization models for portfolio allocation purpose. Here we have arbitrarily chosen three asset classes, but the method can accommodate several asset classes, for example, in the context of sector and geographic allocation.
Conclusions
In this study, we have illustrated the potential of the multicriteria AHP approach combined with a mean variance optimization and goal programming models when it comes to asset allocation that takes the investor's risk profile and future economic scenarios as relevant elements. Our objective is to suggest a flexible approach that is relatively simple to use and that makes it possible to incorporate all factors, both objective and subjective, that are likely to influence the asset allocation decision. Our illustration draws on Sharpe's integrated asset allocation model [4] . However, in the interest of simplicity, only three asset classes were considered (stocks, bonds and liquid assets). The selected criteria can vary from one manager to another, depending on his or her experience. In this respect, it is worth noting that the list of selected criteria is only presented as an example, and several other criteria can be added to or removed from the hierarchy, based on the manager's judgment regarding their relevance.
As for future researches, it would be interesting to take the analysis further by proceeding with an industrial sector and geographic asset allocation. It might furthermore, be interesting to replace historical returns with predicted returns in the analysis. 
